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Description v. : 

Background of the- Invention -*■;;•; : : - . ; 

[0001] • This invention relates to a low-substituted hydroxypropyl cellulose which is added to solid pharmaceutical prep- 
arations and the like as a binder, disintegrant or excipient, : .and a process for producing the same. 
[0002] Low-substituted hydroxypropyl cellulose (hereinafter referred to as L-HPC), which is a pharmaceutical additive 
described in the Japanese Pharmacopoeia, comprises a cellulosic polymer which is added to spljd pharmaceutical 
preparations such as tablets and granules. L-HPC functions as a binder and a disintegrant, and may be used as an 
excipient owing to its little interaction with active ingredients. L-HPC is a low-substituted hydroxypropyl ether of cellu- 
lose, and its- hydroxypropoxyi content is in the range of. 5.0 to 16.0%. In this respect, L-HPC is different in properties 
from pharmacopoeial hydroxypropyl cellulose (HPC) having.a hydroxypropoxyi content of 53.4 to 77.5%,lt is described 
in Japanese Patent Publication Nos. 42792/71 and 53l00/'82 that L-HPC is being used as an additive for pharmaceu- 
tical preparations. - ' . . ■ . ■ 
[0003] The methods for forming tablets include a direct compression method in which a mixture composed of active 
ingredients and additives is directly formed into tablets, and a wet granulation method in which a mixture composed of 
active ingredients and additives is granulated by kneading it with a suitable solvent such as a binder solution or water, 
and the resulting granules are dried and formed into tablets. Where a powder composed of active ingredients and addi- 
tives has poor f lowability, the latter method is employed to enhance its f lowability. 

[0004] The typical granulation processes, employed* in the wet granulation method include agitation granulation using 
a high-speed agitator, and fluidized bed granulation using a fluidized bed. - : - . : 

[0005] - In recent years, fluidized bed granulation has come.Jq be frequently employed because it yields a granulated 
material 'having a narrower particle size distribution and permits easier process control, as compared, with agitation 
granulation.' However, -if fluidized -bed granulation is applied to .L-HPC, the resulting granulated material will be very 
bulky and have poor flowability. Since this granulated material fails to flow out smoothly from the hopper of a compres- 
sion machine. it ; may be impossible to form tablets. oKthe/esultingkblets may show considerable variation in weight. 
Thus, it has been very difficult to use L-HPC in fluidized bed. granulation. . ...... 

[0006] An object of the present invention is to .provide an L-HPC which can also accommodate fluidized bed granula- 
tion. - - 1 -.■ - - ■ . ■" '" , .„ J . 

3D [0007] In this connection, Japanese Patent ProvisionaLPublication No. 279601/'98 disclpses an L-HPC having spe- 
cifically defined' viscosity, tap apparent density, angle .of. repose, average particle diameter and.other properties. More- 
over Japanese Patent Provisional Publication No. 324101/^5 discloses an L-HPC characterized by an angle of repose 
of not greater than 45 degrees and a degree of swelling of not less than 100%. When fluidized bed granulation is 
applied to these L-HPCs, a slight jmprovement over conventional products is achieved, but the results thus obtained are 

35 still less than satisfactory. - tt . ' r~ Zt . : , - 

Summary of the Invention 

[0008] There are provided -in accordance" with the. present invention a "ibwVsubstituted hydroxypropyl cellulpse which 
40 permits the" preparation-of a suitable compression material by using f luidizect bed granulation, and a process for produc- 
ing the ^same. • * - • j - . ; ; .[ 
[000?]- The present inventor has,succeeded in developing, an L-HPC which is highly suitable jor practical use in fluid- 
ized' bed granulation - by improving its powder properties frprrvanother point of view. That is, one aspect of the present 
invention is an L-HPC. having a loose bulk density of not less.than 6.40 g/mL and a tap bulk density of not le.ss than 0,60 

45 g/mL - : , ■ rr - - . w ~ \. ' .= ' 

[001 0] Another aspect of the present invention is a process Jor producing the inventive L-HPC which comprises the 
steps at dipping pulp in an alkaline solution to prepare, alkali cellulose, reacting the alkali cellulose with propylene oxide, 
dissolving the resulting product partially. in,water or.ao alkaline solvent, precipitating .the. product by neutralization with 
an acid, and washing, drying and grinding.the precipitatedlproduct, .wherein the product is completely dissolved prior to 

so the neutralization with an acid. c 

Detailed Description of the Preferred Embodiments r/ , ... . . , -~ r : • r , : 

[0011] The term "loose bulk density" as used herein refers to a bulk density in a loosely packed state. This can be 
55 measured by providing a cylindrical vessel having a diameter of 5.03 cm and a height of 5.03 cm (and hence a capacity 
ol:100 mL), introducing, a sample uniformly into the vessel from aboy| while passing it through a- 24. mesh screen, lev- 
eling the top surface of the sample, and then weighing it. . . • - 
[001 2] The term "tap bulk density" refers to a bulk density measured after a sample is closely packed by tapping. Tap- 
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ping is an operation for bringing a sample into a closely packed state by letting a vessel filled with the sample fall repeat- 
edly from a certain height and thus giving mild shocks to the bottom of the vessel. Actually, after the top surface of the 
sample is leveled and weighed to measure its loose bulk density, a cap is attached to the top of the vessel. Then, the 
powder is added thereto until it reaches the upper end of the cap, and then tapped 180 times from a tapping height of 
5 1 .B cm. After completion of the tapping, the cap was removed, the top surface of the powder was leveled at the upper 
end of the vessel, and the powder was weighed. The bulk density measured in this state is regarded as the tap bulk 
density. The above-described measuring procedure can be carried out by using apowder tester manufactured by Hoso- 
kawa Micron Corp. ' 

[001 3] The present inventor has found that an L-HPC whose lobSe bulk density and "tap bulk density are not less than 
w certain values can be used in f iuidized bed granulation. When this L-HPC is used r in f luidized bed granulation, the- result- 
ing granulated material is heavy and highly flowabie, and can hence be practically used for compression purposes. 
[0014] The object of the presenfinvehtion is accomplished when the L-HPC has a loose bulk density of not less than 1 
0.40 g/mL and a tap bulk densrty of not less than 0.60 g/mL However, it is preferable that the ratio of-the loose bulk 
density to the tap bulk density be not greater than a certain level. The level is "defined by a degree of compaction of not 
75 greater than 35%. The degree of compaction is a degree of volume reduction and can be determined according to the 
following equation.* " " ^ * 

Degree of compaction (%) = [{(tap bulk density) - (loose bulk density)}7(tdp bulk density)] x 1"00 r v f 

20 [0015] The degree of compaction may be regarded*as a parameter representing the flowabiiity bf a power. Other 
parameters representing flowabiiity include charactertetfc vliu'es such &*s angle ' of repose and angle bf'spatula, and a 
flowability index is known as a parameter defined bjr putting aiVdf them i together. The flowabiiity indexes a parameter 
which was proposed by' Cafrin' order to evaluate fiov^b^ Eng., 7g Jan. 1&163 ? and Feb. 1/69 

(1965); 76. Oct. 13, 7 (1969)], and a detailed de^fiptiibn'triferebf Is given in An Illustrated Explanation af'Powder Prop- 

25 erties (revised and enlarged edition)"' (edited by the Japan ese'Sbciety of 'Powder Technology and the Japanese- Asso*" 
ciation of Powder Engineers. Nikkei Technical &6o$s, T985). ^^page;15t" The flowabiiity index of a powder cah%e 
determined by measuring four characteristic values v O-e.r ahgie 'of reprise! degree of compaction, angle of spatula, and 
degree of aggregation) by means of a powder testerrdetermirting thejrespective indices from the measured values,' and 
summing them up. The L-HPC of the present invention preferably has allowability ihdex^df not less than-60. : " - 

30 [0016] The L-HPC of^the present invention preferably has an angel of repose of not greater than 40 degrees. The' 
angle of repose can be deter mined by pouring - a powder ohtcra disc having a 'diameter of '8 cm through a funnel and 
measuring the vertical angle of the resulting conical ma^ qf^owder with a protractor. - 

[0017] It has been found that the L-HPC of thepresertinventioh'can be produded according to the process described 
below/ " \ ' ;; ■■ v - - - - * v : ' " " . 

35 [0018] That is, pulp is soaked in an alkaline solution to yield alkali celluidseVand this is 1 reacted with propylene oxide. 
Up to this stage, the process of the present invention is the same as the conventional one. The present Inventor has 
found that, in the succeeding step where the product is added to and dissolved in water or water made alkaline, the 
state of the product affects the flowability of the L-HPC. Specifically, in the conventional process where the product is 
partially neutralized to bring it into a partially dissolved state, the bulk density of the L-HPC is regulated by controlling 

40 the degree of dissolution and thus alteringtfie fib&r cbrttent 'However, the'pVesentinventof^has found that; among oth- 
ers, the flowability of thel-HPC is enhanced when the* product is : brbughtintb a completely dissolved state in ^his step; 
[0019] The term "completely dissolved state" as used herein means a state in which the product has ldst : its form 
almost completely. Tha ; t is, this comprehends not only a'perfectly clear slurry; but -also an opaque^slurry or a state in 
which, fdr example, 5 to 10 small lumps of the product' remain" in S^oTa slurry. The dissolved product' is in the form of 

45 a highly viscous slurry^ and requires the use of a mixing m'achine having "strong a.gitktibn power, such as a kneader. 
Thereafter, the L-HPC is precipitated by neutralizing the slurry with an acid (e.g., hydrochloric acid) as usual. The |bre- 
cipitated L-HPC is recovered,' washed, dried and gro 1 : " 

[0020] *' Moreover, the present inventor has also fbirrtti that the cor%ihions ; f6r ; the preparation of alkali cellulose affects 
the degree of dissolution of theproduct. More fe^cificallyfthe product can readily be'brought into a completely dis- 

so solved state vvheri the alkaline solution used for 'dippfrtf purposes comprfees a ; sodium hydroxide^sdlution having^coh-- 
centration of not greater than 45% by weight. 

[0021] Conventionally, a 49% solution of sodium hydroxide has been used. In the present invention, however, it is 
believed that the uniformity of the reaction and the solubility of the product are increased by reducing its concentration. 

55 Examples ' ' . n ' ; /; \'\ . ?. 

[ti022p The present invention is further illustr^ed : by"the r f6rfdwing examples.' It is to be understood that the present 
invention is not limited to these examples. * ,/ ... 
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Example 1 *" 

[0023] Wood pulp was soaked in a 40 wt.% aqueous solution of sodium hydroxide and then pressed to yield alkali 
cellulose. A reactor was charged with 8p6 g of this alkali cellulose, and then purged with nitrogen. After purging, 85.6 g 
5 of propylene oxide was adcled to the reactor,' and reaction was effect, with stirring, at 40°C for 1 hour and at 70°C for 1 
hour to yield a product. , " ' . 

[0024] . A 5 L double-arm kneader was charged with 2 L of hot water at 65°C. The above product was added thereto, 
kneaded tor about 1 0 minutes until the form of the product disappeared almost completely (i.e., to such an extent that 
5 to 1 0 small lumps of the product remained in about 3 L of the ; slurry), and then precipitated by neutralization with ace- 
io tic acid. After this product was washed with hot water at 90°C, dewatered by pressing, and dried, the resulting solid was 
ground with a high-speed rotating impact grinder to yield L-HPC having a hydroxypropoxyl content of 1 1%. 

Example 2 

15 [0025] L-HPC was prepared under the same"conditions as in Example i , except that, in the dissolution step, the prod- 
uct was kneaded for about 30 minutes until no small lumps of the product were observed. 

Comparative Example 1 ... .... . . V . ._ ✓ 

20 fOG 26 ] 7 Ajkalfcellulose was' prepared and reartedirrthe same manneras jn Example 1. However, in the dissolution 
step, a portion of the acetic acid for 'neutralization was added to hot water at 65°C prior to the addition 'of the product. 
Thus, the-product was .brought into a partially Jssolyed state and neutralized with the remaining acetic acid. Thereafter, 
the same' procedure as in Example 1 was followed to^yield a powder of L-HPC. 

25 Comparative' Example 2 ~ " " "*•"" " 7 .1 

[0027] -L-HPC was prepared by dipping pulp in a.49,wt%.aqueaus.solulioaof sodium hydroxide and thereafter follow- 
ing the same procedure as in Example 1 . In the dissolution step, the product was-kneaded for 40 minutes, but its dis- 
solved state was less satisfactory than that in Example 1 . However, its dissolution was more advanced than the partially 
30 dissolved state in Comparative Example V. Thereafter, the same procedure was followed to yield a powder of L-HPC. 

Comparison of powder properties , y s . /.J- . ~ 

[0028] With regard to the L-HPCs prepared in Ekamjbies 1 and 2 khd Comparative Examples 1 and 2, and a commer- 
35 cially-.available L-HPC (Comparative Example.3), some powder properties of a sample of each' L-HPC were measured 
with a powder tester manufactured by Hosokawa Micron Corp. The results thus obtained are shown in Table 1 . •'• 



Table 1 



Sample r 


: Loose bulk den- 
sity (g/mL) 


Tap bu!K density, 
(g/mL) ' 


..Degree of com- 
paction (%) 


Flowabiirty index 


t Angle of repose 
" (degrees) 


Example 1 


0.430 


0.652 


34.1 


62 


40 


Example 2 


0.503 


0.697 


* 27.8 


69 


37 


Comparative 
Example -1 


0.335 


0.597 


43.9 


49 


52 


Comparative , . 
Example' 2 


0.392. 


0.612 


_ 35.9 


58 


42 


Comparative 
Example 3- : 
(note)-* 


0.279 


0.502 


44.4 


46 


'52 


.(Note) Commercially available L-HPC (manufactured by Shin-Etsu Chemical Co., Ltd.) 
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Fluidized bed granulation tests 

[00*9] A mixture composed of 160 g of acetaminophen, 100, g of a sample of the L-HPC obtained in each of the 
Examples and Comparative Examples, 98 g of lactose. and 42 g of corn starch was charged into a small-sized fluidized 
bed (Multiplex MP-01 ; manufactured by Powrex Corp.) "and fluidized at an inlet air temperature of 70°C. Then, granu- 
lation was carried out by spraying a binder comprising a 5% aqueous solution of HPC-L (manufactured by Nippon Soda 
Co Ltd ) The bulk density and angle of repose of the resulting granulated material were measured. Moreover, the 
granulated material was introduced into the hopper of a small-sized compression machine, and its state of outflow was 
observed. The results this obtained are shown in Table 2.; ; * . 

" * Table 2 1 k " v 



Sample 


Properties of granulated material 


Outflow from hopper of compression 
machine 




Bulk density~(g/mL) 


Angle of repose 
- (degrees) 




Example 1 


0.42 


38 


Good 


Example 2 


0.43 


38 


Good 


Comparative Example 1 . 


0.23" . 




Did hot flow out easily because of 
bridging, ' * ' 


Comparative Example 2 


0.38 


- : : i - .. 43 


Generally; flowed out wdl, but some; 
times suffered from bridging 


Comparative Example 3 


0.22 


52 


Did not flow out easily because-of,:-! 
bridging 
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[0030] As a result of fluidized bed granulation, the L-HPps^of Examples 1 and 2 gave granulated materials which were 
heavier and more easily flowable than {hose prepared from the L-HPCs of Comparative Examples 1 -3. 
[0031] Many other variations and modifications of the invention will be apparent to those skilled in the art without 
departing from the spirit and scope of the invention. The above-described embodiment^ are, therefore, mtended ; to be 
merely exemplary, and all, such variation^.and mp^ific^pns are intended to be included within the scope of thejnven- 

tion as defined in : the appended claims. k . ~ ( : . .... ' 

[0032] The disclosure oiOapEinese Patent ■■App)i^n'No; , lQ^1?B^7 filed on May 12, 1998 including specification, 
claims, drawings and summary are incorporated herein by reference in its entirety. 
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Claims 
1. 



A |pw-substituted hydrdxypropyl cellulose hayihgl roose bulk density of not less than 0j40 g/mL and a tap bulkden- 
sitylof. not less than 0.60 g/mL ' ' "/ ; ... . _ .„„ ... 

2. 'A ^substituted hydroxypropyhbelluloserajs; -daimed.in-daim-J-whieh has a degree of compaction.of not .greater 

than 35%. ... -V... 1 . ~. _„ ...... ■ -~.\; 

3. A low-substituted hydroxypropyl cellulose as claimed in claim 1 which has a f lowability index of not less than 60. 

4. A low-substituted hydroxypropyl cellulose ai claimed in claim V which has an angle of repose of not.greater'than 
40 degrees. . . ~ . - ---- -~- ... ■ - - - — 

5. A process for producing a low-substituted hydroxypropyl cellulose which comprises the steps of dipping pulp in' an 
alkaline solution to prepare alkali cellulose, reacting the alkali cellulose with propylene oxide, dissolving the;result- 

irig product* partially in water or an~ alkaline splvW/prec^ product by neutralization with an apidrand 

- washing, -drying and grinding the precipitated pwxluct/.wherein.the product' is completely dissolved priori the neu- 
tralization with an acid. 

6. A process for producing a low-substituted hydroxypropyl cellulose as claimed in claim 5 wherein the alkaline solu- 
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tion used for the preparation of alkali cellulose comprises an aqueous solution of sodium hydroxide haying a con- 
centration of not greaterthan 45% by weight. * : ! " ■ ^ * 
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